METHODS
Work on the establishment of perennials was begun in the fall of 1943 at Sunol, California on typical annual forage range owned by the City of San Francisco Water Department. The annual rainfall averages 16 inches. Prior to 1920, the land had been dry-farmed to grain, but low yield resulted in its being abandoned and used for grazing. Weir and Storie (1936) rated the soil as grade 4 (35 percent) and tentatively mapped it as Positas gravelly clay loam. The site was placed in land capability classes III and IV in a recent Soil Conservation Service survey. Erosion had removed from 25 to 75 percent of the surface soil. A stiff, red clay subsoil, 2 to 8 inches thick, was present at depths varying from 6 to 24 inches below the surface. This clay pan retards the downward movement and retains moisture.
Four methods of land preparation were used. In two of the methods the initial tillage operations were started in the spring before the earliest annuals produced seed. A summer crop of Sudan grass for hay was then seeded to complete the preparatory land treatment in one method, and clean fallow was used in the other. The Sudan grass was fertilized with 100 pounds per acre of ammonium sulphate (20-0-O) at the time of seeding. In the other two methods used to prepare land for seeding, the tillage operations were started in the fall. The land was worked and seeded to red winter oats for hay and to purple vetch for green manure as preparatory crops.
After the season of preparatory treatment and following the first fall rains, the land was disked, harrowed, and rolled to 414 415 prepare a fine firm seedbed. Two types of seeding were used to plant an adapted mixture-drilling shallow with a IO-foot double-disk grain drill equipped with depth regulators, and broadcasting. The broadcast seeding was done with the same drill by pulling the spouts and letting the seed mixture fall directly on the ground. All broadcast seeded plots were harrowed and rolled after seeding. The same mixture was seeded on an unprepared check plot at the same time. All plots were 10 by 400 feet and laid out on the contour.
The mixture used was Harding grass (PhaZaris stenoptera) , 4 pounds ; burnet (Sanguisorbu minor), 3 pounds; and Mt. Barker subterranean clover (Trifolium subterruneum), 5 pounds per acre.
One-half of each plot was fertilized with 200 pounds per acre of ammonium phosphate-sulphate (16-20-o) at the time of seeding and each fall thereafter.
A new series of seedings was made each year for four years to check.the effect of climate on establishment. There were no replications within years, although the trials were designed to obtain an estimation of soil variation. Stands were determined by an adaptation of the inclined point quadrat method which allowed the results to be expressed in numbers of plants per square foot. Two hundred point quadrat counts were taken per treatment about two months after seeding. All plots were clipped twice during the establishment year in order to reduce competition from the resident annuals. Air-dry yields of these clippings were obtained. In the second and subsequent years, production was determined by taking four >/4000 acre quadrats, 3.3 by 3.3 feet, per plot at the hay stage of the perennials. The Harding grass and resident annuals were separated and weighed.
RESULTS

AND DISCUSSION
Good stands of all seeded species were obtained on all tilled plots. There was an average of slightly more than 20 plants of the seeded species per square foot and a little more than half of them were Harding grass. This is shown in Table 1 . No seedlings of seeded forage plants were ever obtained from the unprepared land. The data in Table 1 show that the method of preparing land for seeding influenced the number of seedlings that were established.
The Harding grass stands were influenced more by land treatment than were those of subterranean clover and burnet. Preparing the land and growing a crop of Sudan grass or fallowing was better for the establishment of the seedlings of perennials than preparation for and growing crops of winter oats or purple vetch. Spring tillage was used for the Sudan grass and the fallow, but fall tillage was used for the oats and vetch. Spring tillage
followed by Sudan grass or fallow was more effective in reducing the growth of resident annual forage plants than was fall tillage followed by a grain or green manure crop. The greatest density of competing annual forage plants resulted from the disking down of the vetch crop. The vetch contained annuals, and the method of land treatment by which vetch was grown kept all of the seed of the annuals on the plots. The winter oats contained a small amount of annuals, some of which matured and shattered seed before the oats were cut for hay. There were some broad-leaved annuals in the Sudan grass, but they were less competitive to the planted species than were the annual grasses.
In Table 1 , data for fertilized and unfertilized plots in each treatment were averaged because there were no significant differences in the use of fertilizer.
initial stand due to
The effect of method of seeding on the number of plants per square foot 60 days after planting is shown in Table 2 . The effect of the seeding methods was similar on each of the four land treatments. More Harding grass seedlings were obtained by drilling than by broadcasting. The difference was 28 percent. More resident annual forage plants volunteered on the broadcast t,han on the drilled plots. More subterranean clover plants resulted from broadcasting t)han drilling. The results with burnet depended on whether fertilizer was used. The result with Harding grass was the most important, because this perennial was the one among the seeded species that later contributed the forage. Drilling was superior to broadcasting even though special care was taken to prepare a good firm seedbed for broadcasting.
It More plants of Harding grass and burnet and fewer of subterranean clover and resident annual forage species were found when no fertilizer (16-20-o) was applied, Although the differences are small, this result, when combined with subsequent yield data, allows the conclusion that fertilizer should not be applied at the time of seeding.
The seeded species, Harding grass, subterranean clover, and burnet, did not produce enough growth to measure during the first season. Resident annual grasses, legumes, and forbs always volunteered and produced a measurable crop. The resident annuals were clipped twice, about March 15 and April 15, because they offered competition for moisture, plant nutrients, and light. The amount of growth was measured and the major RESEEDING FOR ANNUAL FORAGE RANGE 417 differences in kind of annuals were reThe only seeded species that concorded. The differences in kind and tributed to the harvested yield was Hardamount of resident annuals were due ing grass. Subterranean clover and burnet primarily to the treatment of the land were absent from the fertilized plots. before seeding. The use of fertilizers These two species are not shade tolerant increased the amount but did not inand harvesting the seeded species as hay fluence the kind of annuals on the plots. eliminated them. (In other trials not re- Table 3 shows the total average yield ported in this paper, where plots were of the two first-year clippings for all 4 fertilized with 16-20-o and clipped to years. More growth was always obtained simulate grazing, an excellent stand of when fertilizer was applied. When fersubterranean clover is present.) On the tilized, the production of annuals was unfertilized plots, there was a stand of great,est following the vetch crop and the clover but it had passed maturity and least following Sudan grass. When no fertilizer was used, the greatest yield was again from the vetch plot but the least was from grain hay. Growing a crop of Sudan grass was effective in reducing competitition from volunteering resident annuals whether fertilizer was applied or not.
Forbs were the dominant annuals on the spring-tilled plots (Sudan grass and fallow) while grasses were dominant on the fall-tilled plots (grain and vetch). The annual grasses appeared to offer more competitition to the seeded species in the establishment year than did 'the forbs.
The yield of the seeded species was influenced by the previous land treatment and by the application of fertilizer. The yield was also influenced by the age of stand. The data are shown in Table 4 . dried so that it was a negligible part of the harvested forage. Only a few plants of burnet were in the stand due to a lack of adaptation.
The highest average yield of Harding grass was obtained when the plots were fertilized. The highest average production of this grass from the plots that were fertilized came from those which had been seeded previously to Sudan grass or fallowed. On these plots, the Harding grass reached full production by the second growing season. When the land had been seeded to grain for hay or to vetch for soil improvement, however, the Harding grass did not reach full production until the fourth season, even when fertilizer was used. The reduction in the initial stand of Harding grass due to previous crop, as shown in Table 1 more plants on the plots that grew Sudan tive correlations, r = grass or were fallowed.
for the fertilized plots The data in Table 4 show that the for the non-fertilized yield of volunteer resident annuals was tained. This indicated -.527 (N= 16) and r = -.500 plots, were obthat there was influenced more by the application of competition between the two kinds of fertilizer and less by crop year and grass. previous land treatment than was the The average yields of both Harding perennial, Harding grass. The effect of grass and annuals fluctuated with the reducing the stand of annuals by growing season regardless of the age of stand or Sudan grass or by fallowing was reflected in the lower average yield by the volunteering annuals. The effect was most pronounced in the second crop year, but the data indicate that the yields were lower throughout the entire period of this trial. This was probably caused by greater vigor of the Harding grass plants.
The data in Table 4 were used to determine whether or not there was a correlation between the yield of the Harding grass and the annuals. Significant negaprevious land treatment. The data are shown in Table 5 . The annuals fluctuated more than did the perennial. This was caused by the carry-over of the influence of one season on the perennial into the next. The effect of season on the volunteering annuals was direct and there was no carry-over effect. Rainfall and temperature were responsible for the effect of season. Of the two factors, rainfall appeared to be the more important.
The use of fertilizer not only increased the yields of Harding grass and annuals, RESEEDING FOR ANNUAL FORAGE RANGE 419 but reduced the fluctuation in yield by duce soil erosion noticeably after the season. The effect was greater with land was worked and seeded. annuals than with Harding grass because Growing grain hay, which is a winter there was no carry-over effect with the crop in the area where these trials were annuals.
made, required fall tillage. Even though The volunteering resident annuals in an average of 1.12 tons of hay was prothese trials were grasses. There were no duced, this crop did not reduce the broad-leafed annuals after the estabresident winter annuals sufficiently to lishment year and only traces of bur allow a vigorous stand of Harding grass clover.
and other species to develop. The data from these trials show that good stands of Harding grass were established in each of 4 successive years by preparing the land for a crop of Sudan grass or by fallowing. Both of these methods require early spring tillage before the resident annual range plants produce seed. Fallowing apparently had no marked advantage over growing Sudan grass on this land either for conserving moisture, increasing available nitrogen, or further reducing weed competition.
In addition, the Sudan grass produced an average of .38 tons of feed, which tias equivalent to .95 AUM per acre if pastured. This feed was produced during the summer months when other forage on the range was dry. The stubble and roots of the Sudan were sufficient to reAn average of 1 .I1 tons of purple vetch was produced. The entire crop was returned to the soil. The principal result of this practice was to stimulate the growth of volunteering resident annuals, especially in the first season after seeding the perennials. This resulted in fewer Harding grass plants becoming established. The data in Table 4 indicate that the effect of adding 1.41 tons of residue per acre may have lasted as much as 4 seaons.
Estimates of dates of grazing readiness were made in each of 6 years, 1946 through 1951, on both fertilized and unfertilized Harding grass. An average grass height of 4 to 6 inches was used in determining range readiness. The average date the Harding grass in fertilized plots Ii. w. MILLER ET AL.
was ready for grazing was December 15 and the green feed period averaged 23 weeks. The average date of grazing readiness on the untreated Harding grass plots was January 7, and the green feed period averaged 20 weeks. The date of grazing readiness of the Harding grass fluctuated more with the season in the unfertilized plots than in the fertilized plots. The great'est difference was in the 1948-49 season when the first effective fall rains were not received until December and temperatures were unusually low. In t'hat season, the Harding grass on the fertilized plots was ready to graze 6 weeks before that on the unfertilized plots.
The adequate green forage period of the annuals averaged 6 weeks with grazing readiness being reached about March 15. When fertilized, the annuals were ready to graze about February 1 or 6 weeks earlier than the unfertilized annuals. Both fertilized and unfertilized annual forage dried up at the same time. This was about May 1 each year.
SUMMARY
Trials to determine the best method for establishing a Harding grass-burnet-subterranean clover mixture on lands in the annual forage range of California were begun in 1943. The work was done near Sunol, on Positas gravelly clay loam. Average rainfall was 16 inches but fluctuated widely among the years.
Four methods of land preparation and two methods of seeding were used, with and without fertilizer. The treatments and plantings were repeated for four consecutive years and forage production was measured on each established stand for four years.
All of the seeded species were established when good methods were used, but the Harding grass was the only one that produced measurable forage, because the method and date of harvesting were unfavorable to subterranean clover and burnet .
No stands were obtained when no land preparation was used and the seedings were made directly into the stubble of the annual forage range.
The success in establishing the seeded species, as measured by plants per square foot, was governed by the degree to which land preparation and treatment suppressed the volunteering resident annuals.
Initial tillage in the early spring was superior to fall tillage in reducing the density of the resident annuals. An average of 32 plants per square foot 60 days after planting was obtained on spring-tilled land. Growing a crop of Sudan grass or fallowing the spring-tilled land were equally effective in reducing the stand of the volunteering annuals. Spring-tilled lands were seeded in the fall of the same year.
Initial tillage in the fall followed by a crop of winter oats for hay or vetch for green manure, and seeding of the perennials the next fall, resulted respectively in 49 and 142 percent denser stands of volunteering annuals than when spring tillage was used. This reduced the stands of the seeded species, especially Harding grass.
Drilling was super&r to broadcast seeding for the establishment of Harding grass. The average difference in stand was 28 percent, but when below-normal annual rainfall occurred the difference was 55 percent. Method of seeding did not have a great effect on the stands of burnet or clover.
There were no significant differences in initial stands of the seeded species attributable to the addition of fertilizer (16-20-O) , but there was a consistent trend in favor of not applying fertilizer at seeding time.
